Entry into mitosis without Cdc2 kinase activation.
Mouse FT210 cells at 39 degreesC cannot enter mitosis but arrest in G2 phase, because they lack Cdc2 kinase activity as a result of a temperature-sensitive lesion in the cdc2 gene. Incubation of arrested cells with the protein phosphatase 1 and 2A inhibitor okadaic acid induces morphologically normal chromosome condensation. We now show that okadaic acid also induces two other landmark events of early mitosis, nuclear lamina depolymerization and centrosome separation, in the absence of Cdc2 kinase activity. Okadaic acid-induced entry into mitosis is accompanied by partial activation of Cdc25C and may be prevented by tyrosine phosphatase inhibitors and by the protein kinase inhibitor staurosporine, suggesting that Cdc25C and kinases distinct from Cdc2 are required for these mitotic events. Using in-gel assays, we show that a 45-kDa protein kinase normally activated at mitosis is also activated by okadaic acid independently of Cdc2 kinase. The 45-kDa kinase can utilize GTP, is stimulated by spermine and is inhibited by heparin. These properties are characteristic of the kinase CK2, but immunoprecipitation studies indicate that it is not CK2. The data underline the importance of a tyrosine phosphatase, possibly Cdc25C, and of kinases other than Cdc2 in the structural changes the cell undergoes at mitosis, and indicate that entry into mitosis involves the activation of multiple kinases working in concert with Cdc2 kinase.